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FOREWORD

This report was prepared by Hughes Aircraft Company under Contract

No. AF 33(616)-8438. The contract was initiated under Project No.
7381, Task No. 738103, The work was administered under the direction
of the Directorate of Materials and Processes, Aeronautical Systems
Division, with Mr. R,F., Klinger acting as Project Engineer.

Many persons have contributed to the program which this report
represents. The author wishes especially to acknowledge the con-
tributions of the following: J.J. Anders, J.W. Atwood, C.L. Blocher,
D.L. Grigsby, J.J. Grossman, F.S. Harter, D.H. Johnson, H.T. Johnson,
J.T. Milek, G.S. Picus, and E. Schafer.

IS-12 DS-126

under Contract
5ject No.

ne direction
al Systems

r.

his report

th2 con-

.L. Blocher,
+1. Johnson,




——

S B 17 e b, A

ABSTRACT

The Electronic Properties Information Center has been established
to collect, index and abstract the literature on the eiectrical and
electronic properties of materials and to evaluate and campile the
experimentai data fram that literature., A medificd coordinate inday
to the literature is machine stored and printed for mamual use. The
Center publishes data sheets, summary reports, thesauri, glossaries,
and simila~ publications as sufficient information is evaluated and
canpiled. This report consists of the compiled data sheets on Silicon:
Electric.l Conductivity.

This report has been reviewed and is approved for publication.
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INTRODUCTION

In June 1961, a program was initiated under the direction of the
Air Force to collect, index and abstract the literature on the elec-
trical and electronic properties of materials ard to evaluate and
compile the eyperimental data from that literature. Placed at Hughes
Aircraft Company in Culver City, California, the program, now called
the Electronic Properties Information Center, was originally intended
to cover ten major categories of materials: Semiconductors, Insulators,
Ceramics, Ferroelectrics, Metals, Ferites, Ferramagnetics, Electro-
luninescent Materials, Thermionic Enitters, and Supercornuctors.

Luring the first year, studies were completed on the Semiconductor
and Insulator categories; and Ceramics was discontinued as a separate
category and subsumed under the other nine. Vocabulary studies have
now been campleted on all categories, and retrospective documentation
is virtually complete for Semiconductors and Insulators. A full index
to the literature is maintained; and publications such as data sheets,
summary reviews, glossaries, and thesauri are periodically issued.

The use of the Center and these publications are available to am,one
wishing information within the scope of the Center's cbjectives. A
full list of publications to date appears at the end of this report.

This report contains data sheets on Silicon: Electrical Copductivity.
The data sheets have been campiled direct from the literature. Articles
are allewed to accumulate ip the system until it is judged that a

sufficient number are available on one material for a. equate evaluation,
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The manual modified coordinate index is then uced to retrieve all litera-
ture on the material to be compiled. Bibliogx\aphiesamd\ed(edt‘omake
sure that valuable and relevant literature is not overlooked. Then the
assembled literature is given to the specialist doing the evaluation
and compilation.

Evaluation is confined to primary souros data except when only
secondary citations are available. If equally valid data are avail-
able fram several sources, all are given. Data are rejected when
judged questionable because of faulty or dubicus measurements, unknown
sample composition, or if more reliable data are available from another
source. Selection of data is based upon that which is judged most
representative, precise, reliable, and covers the widest range of
variables. The addition of new data to a previously evaluated property
requires a reappreisal of the reported values. Older data may be de-
leted if the new data are judged more accurate or representative.

After a thorough analysis and evaluation, the data is compiled
into data sheets which present it in its most optimmum form, This will
be, primarily, but not limited to, curves or tabular form., Where
possible, graphs are adapted directly from the originel sources., If
this is not possible, they are drawn from data compiled fram the
articles. Where thought important, notes are entered with each graph
to help the user,

The references, fram which the data are drawn, are shoun by referw
ence number below each graph with the full bibliographic information
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at the end of the data sheets. The bibliography is referred to
and listed in the order of entry into the Oenter (accession mumber).
This provides a quick cross reference into the index used with the
literature.

This compilation deals only with Silicon: Electrical Conductivity
as a Semiconductor. MNon-semiconductor data will be included in a

future revision.
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log Electrical conductivity of single crystal, p-type silicon '
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Electrical conductivity of p-type silicon singlo crystals
as 8 function of tho temperature. The curves (1) and (2)
are taken from a papar by Putley and Mitchell, Samples §
and 6 aro intrinsic, Boron impurity lovel reduced to 10 !

(Rof, 4465)
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Electrical conductivity of p-type, single crystal silicon as a
function of temperature, ¢ = 74 ohm cm at 300° K.

[Ref, 3901]
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Blectrical conductivity as a function of temperature for
intrinsic, single crystal, n-type silicon,
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Voltage (Volts om-!)

Electrical conductivity of single crystal silicon as a function of
€ield at 20,75°K, Sample is n-type. np = 8.2 x 10'5 on~3; ny =

1.6 x 10}2 -3,
[Ref, 2646)
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Electrical conductivity of single crystal silicon as a function
of field at 20,75°K, Conductivity of sample at 300°K = 2,08 (ohm cm)},

[Ref, 2646)
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Current - Yoltage velation for single crystal, n-type silicon;
n=3x 1015 m*3 at 300°%. 0.5 and 0.6 show slope of curve
at two points,
[Ref, 3012]
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Electrical Conductivitv

Electrical conductivity as
a function of temperature
for single crystal silicon,
26 131: n-type, [lahos;phoms-
dopeds Na=1.8x1033; Np=
2x10%3, "ZG 133; p-type
boron-doped, Np=3.5x1013;
Np=3.3x10'3, 76 1363
p-type, toron-doped,
NA=5.3x1613; Np=4.7x)0!3,
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log Electrical conductivity
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Electrical conductivity as a
function of temperature for
single crystal silicon, Boron-
doping is same for all samples,
Np = 0,8x10'S om3,
Pﬁosy;homs-do;)ing:

12) Np = 1.1 x 10}7 o3

9) Np = 1.4 x 1016 o3

98) Np = 1.2 x 106 -3

9A) Np = 1.6 x 10'6 -3

Temperature °K

{Ref, 647]
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E{I:ectrical cmdgctivity as a function g oy,
of temperature for single crystal ok 2 .
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5 = 50 ohm om, g
e ¢
2 4
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300°K, n-type, np = 2,7 x 10!% an-3,

(Ref, 182)

333 250 200 166 143 125 11 °K
! AJ L J 4 } 4 L 4 v v
6
53'0"—' —
[
>
.0-'
§
S
"
]
-91 o_' 2 A '3 1 (1 i 2
- 3 A 8 9

Electrical conductivity as a function of temperature for single
crystal, copper-doped siiicon, Original sample, p = ! olmu cn at

[Ref. 2769)

15




M T st TA T Rt T D o en oy

i e ekl o R L

DATA SHEET s

AIR FORCE SYSTEMS COMMAND
ELECTRICAL AND ELECTRONIC PROPERTIES

SEMICONDUCTOR MATERIALS Jue. 1963

SILICON 500 333 250 °K
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Electrical conductivity as 3‘
a function of temperature ,g.
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crystal silicon. Original
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g
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w
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{Ref, 2769)
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